Summary
Glycine transport in human diploid fibroblasts was shown to be by a single sodium-dependent system. Glycine transport does not appear to exhibit transstimulation or transinhibition. Transport appears to be similar to the A transport system of other mammalian cell lines, as defined by competition patterns. Normal and nonketotic hyperglycinemia (NKH) fibroblasts could not be distinguished on the basis of accumulation or initial rates. A distribution ratio of 15 to 30 was reached by both types of cells. The normal lines have slightly lower apparent K, (1.1-1.3 mM) than the NKH lines (1.8 to 2.4 mM). The values for the V , . .
of the normal cells (11.4-12.9 nmole/rng/rnin) and the NKH cells (7.0-16.7 nmole/mg/min) overlapped. There were no measurable differences in either the long-term incorporation into protein of leucine and glycine or the oxidation of glycine in normal and NKH fibroblasts.
Speculation
In the cell lines used in this study, it does not appear that nonketotic hyperglycinemic fibroblasts contain a glycine transport defect. NKH cells could not be reliably distinguished from normals using transport, incorporation into proteins, or oxidation of glycine.
In mammalian cells neutral amino acids have been shown to be transported by at least three different systems, the A, ASC, and L systems (2, 5, 21, 22) , which were distinguished by patterns of competitive inhibition (1, 17, 18, 21, 22) . The amino acid analog a-aminoisobutyric acid (AIB), a-methylaminoisobutyric acid (MeAIB), and P-2-aminobicyclo(2,2, 1)heptane-2-carboxylic acid (BCH) have been shown to be specific competitive inhibitors of the A, ASC, and L transport systems, respectively (4, 6, 21) . In human fibroblasts, there appears to exist two distinct systems similar to the L system (15) . Glycine has been shown to be transported by a variety of systems (18, 19, 20) . Different mechanisms of glycine uptake exist in various mammalian tissues, e.g., two systems in ascites cells (21) and an irninoglycine system in renal tubules (1 1). The mechanisms of glycine transport have not been completely defined in human diploid fibroblasts.
Revsin and Morrow (24) have reported that NKH fibroblasts have a reduced rate of uptake and accumulation of glycine as compared to normal human fibroblasts. If such a transport defect existed, it could be a very valuable tool in bettering our understanding of neutral amino acid transport. Identification of the carrier molecule could be greatly assisted if such a natural "mutant" could be found. Therefore, we have examined further the findings reported by Revsin and Morrow (24) .
MATERIALS AND METHODS
Human diploid fibroblasts from skin biopsies from normal and three nonketotic hyperglycinemics were grown in Eagle's minimum essential medium supplemented with 10% fetal calf serum, penicillin (1 x lo5 units/liter), and kanomycin (100 mg/liter). A fourth NKH was also studied less extensively. Upon confluency, cultures were either used in experiments or split 1:3 by trypsinization with 0.25% tr~psin in glycerol containing tris-buffered saline, pH 7.0. All cells used in these studies were of passage number 6-20. Cells were checked and found to be free of Mycoplasma contamination according to the method of Schneider et al. (25) , which was based on differential uridine-uracil incorporation by human cells and Mycoplasma.
Transport properties were measured in cells grown to confluency on washed, sterile 11-x 22-mm cover slips as previously described (13) . The methods used were similar to those of Foster and Pardee (9) and Platter and Martin (23) . Cover slips were washed by dipping in phosphate buffer, (130 mM NaCl, 5 mM KCL, 1.2 mM MgS04, 1 mM CaC12, and 10 mM Na2HP04, pH 7.4) at 37" before being placed in the incubation medium. Glycine concentrations ranged from 0.075-150 mM, at concentrations greater than 10 mM, the NaCl concentration was adjusted to keep the osmolality of the reaction mixture constant. All incubations were at 37". The initial rates were measured as 1-min rates. Each datum point represents the mean of at least 10 determinations. Protein was measured on 10% of the cover slips according to the modified method of Lowry et al. (16) . Cell fluid volume was directly related to cell protein, as previously demonstrated (10, 12) . A value of 7.86 pl/mg was used as cell fluid volume in the determination of distribution ratios. Glycine oxidation was measured in fibroblasts as previously described (13) . Cell suspensions of 0.5-1 mg/ml were incubated in phosphate buffer at 37" for 3 hr in sealed tubes that had been gassed with 100% oxygen. Glycine was added at the beginning of the incubation period at a concentration of 0.025 mM. Each tube contained 2.
At the end of the incubation period, the tubes were placed on ice, 1 ml NCS was injected into a tube suspended above the incubation mixture to collect the Con and 1 m l 6 N was added to the incubation mixture. The tubes were left at room temperature for 2 hr before duplicate samples of NCS were removed for counting in a liquid scintillation counter.
Incorporation of leucine and glycine was measured in confluent Growth media and trypsin were purchased from Grand Island Biologicals Co. The fetal calf serum was obtained from Kansas City Biologicals. Cover slips were purchased from Arthur H. Thomas Co. All radiochemicals were purchased from New England Nuclear. The NCS was obtained from Nuclear Chicago Corporation.
RESULTS
Glycine accumulation was linear for at least 30 min, and glycine continued to accumulate for at least 90 min (Fig. 1) . For the short time measurements, less than 5 min, there was no detectable incorporation of glycine into TCA-insoluble material or conversion to serine. However, at longer time points, part of the apparent glycine accumulation could be accounted for by both labeled TCA-insoluble material and labeled serine. The NKH fibroblast lines behaved similarly to the normal lines. Incubation in the presence of 0.1% glucose did not stimulate either the uptake or incorporation of glycine. Figure 2 shows the time course of glycine accumulation by normal and NKH cell lines for 30 min. The uptake of glycine in the NKH cells was very similar to that of the controls. A distribution ratio of 15:30 was reached in 30 min by both types of cells.
Initial rates of glycine uptake as a function of substrate concentration in normal and NKH fibroblasts are shown in Figure 3 . After correction for diffusion, as described in a previous report (12) , the data form a straight line on a double reciprocal plot. There does not appear to be more than one kinetically distinguishable system for the transport of glycine. The calculated kinetic constants are shown in Table 1 Vmal is in nmole/mg/min; mean f SD. Fig. 4 . Initial rates of glycine transport were measured in the presence and, absence of sodium. One-min rates were measured at 37' in phosphate buffer (pH 7.4) with sodium or with tris or choline substituted for sodium. Diffusion corrections were made. The open symbols represent results with sodium, the solid symbols are tris or choline substituted for sodium.
GLYCINE (mM)
The initial rates of glycine transport were measured in the presence and absence of sodium (Fig. 4) . In the absence of sodium, there was no measurable uptake of glycine over that which could be contributed to diffusion. Therefore, in human fibroblasts, glycine transport appears to be completely dependent upon the presence of the sodium ion.
As can be seen in Figure 5 , preincubation in buffer caused some increase in the rate of glycine uptake. Preincubation with glucose did not cause any further stimulation. Preloading the cells by preincubation in the presence of substrate did not stimulate or inhibit transport over the stimulation seen by preincubation in buffer alone. Glycine transport does not appear to exhibit transstimulation or transinhibition. distribution ratio (D.R.) was calculated from a cell fluid volume of 7.86 In an effect to define the specificity of the transport system that d/mg. The solid symbols are normal cell lines and the open symbols are handles glycine, competition patterns were examined ( have been shown to be specific for the A, ASC, and L transport systems, respectively, in other mammalian systems. The L system analog, L-BCH, did not appear to compete at all for glycine uptake. In human fibroblasts, there seems to be very little overlap of specificity for the neutral amino acid transport systems. This is similar to results we have seen using L system substrates (15) . The A and ASC analog, AIB and MeAIB, competed for about 35-40% of the glycine uptake, their effect not being additive. With glycine as substrate, these two systems could not be separated. Further studies with other substrates and competitors may be necessary to determine whether these systems are distinguishable in human fibroblasts. The natural amino acids serine and proline competed for glycine about as well as AIB and MeAIB did. In no combination could more than about one-half of the glycine uptake be removed by competition. 5 . The effect of preincubation on glycine transport was measured in normal human fibroblasts. Uptake was measured as 1-min rates in phosphate buffer, pH 7.4, at 37' at a substrate concentration of 0.2 mM glycine. The cells were preincubated for various lengths of time and then rinsed by dipping in buffer before uptake. Preincubations were made in buffer alone (a), buffer plus 0.1% glucose (0). buffer plus 2 mM glycine (A), or buffer plus 0.1% glucose and 2 mM glycine (A). The data are expressed as the ratio of the rate of uptake after the various preincubation times (Vi) over the rate of uptake with no preincubation (V,). Table 2 . Competition for glycine uptake in normal human fibroblasts
In all cases, a substrate concentration of 0.1 mM glycine was used.
Incubations were for I min in phosphate buffer (pH 7.4) at 37' in the presence of substrate + competitor.
In an efyort to determine whether differential incorporation of glycine into protein or other metabolic products by normal and nonketotic cells could explain the reported uptake differences (24) , long-term incorporation of [3H]leucine and [I-14C]-or [2-'4C]glycine was examined (Table 3 ). The ratios of leucine to glycine incorporation for [I-14C]-and [2-14C]glycine were very similar (0.27:0.29). There was no measurable difference observed. Similarly, glycine oxidation in normal and NKH fibroblasts was examined and found to be the same for both types of cells (Table  4) . Thus, normal and NKH fibroblasts could not be distinguished by the transport properties, incorporation, or oxidation of glycine.
DISCUSSION
In the human diploid fibroblast lines studied in this laboratory, glycine was accumulated similarly by normal and nonketotic hyperglycinemic cells. Initial rate kinetics (using I-min rates) demonstrated only one system for the transport of glycine. There were small, but not significant, differences in the apparent K, , between the normal and NKH cell lines. The V , . ,
values were similar for both types of cells. Although it is possible that a study involving a larger number of cell lines might reveal statistically significant difference in initial rate kinetics, in our study, the normal and NKH lines could not be reliably distinguished on this basis.
When the study of Revsin and Morrow (24) is compared with the present study, uptake of glycine after 20 min of incubation in NKH cell lines is seen to be quite similar in the two reports. In both reports, the apparent K,, for glycine transport are similar and NKH and normal cell lines are indistinguishable. in their normal cell lines (20.5-67.5), although overlapping, is higher than those measured in this laboratory under initial rate conditions. We attempted to explain these differences by studying glycine incorporation into protein, glycine conversion to serine, and glycine oxidation to COz. However, no differences could be found between our normal cell lines and NKH cell lines. These findings suggest that some still unexplained metabolic difference exists between the control cell lines used by Revsin and Morrow and those used here. This might occur either because of some nonap- parent difference in methodology or because of genetic heterogeneity in the control or NKH cell lines. This latter possibility might allow some NKH cell lines to be distinguished on the basis of glycine accumulation. Glycine transport in human diploid fibroblasts appears to be similar to transport by the A system of other mammaiian cell lines (21) (22) . Kinetically, there appears to be.a single transport system which is highly sodium dependent. The system has a high affinity for glycine and is specific for the short-chain neutral amino acids. Furthermore, this system does not appear to be easily transstimulated or transinhibited by altering intracellular pools by preincubation.
